Stemphylium lotn, a pathogen of a cyanogenc plant, possesses a cyanide-isensitive alternate respiratory pathway. In the absence of cytochrome inhibitors, the alternate system had only a minor role in resption. When S. loi was grown in medium amended with antimycin to block the cytochrome chain, the alternate system accounted for the total oxygen consumption ocited with respiration. Hydrogen cyanide is released from cyanogenic glucosides in birdsfoot trefoil (Lotus corniculatus L.) upon infection by Stemphylium loti (16). This fungus grows in the presence of relatively high concentrations of cyanide in vitro (3) and is more tolerant of cyanide than are other fungi (16). reported that cyanide tolerance in S. loti is induced upon exposure to cyanide and is due to the production of the enzyme formamide hydro-lyase which converts cyanide to nontoxic formamide.
The contribution of the altenate respiratory system to incres in form de hydro-lyase (FHL) acivity and to growth in S. loti in vitro was assessed. FHL, induced by cyanide, converts cyanide to nontoxic formaide and is partiall responsble for the tolerance of S. loti to high concentrations of cyanide in vitro. When the cytochromes were blocked nd the cyanide-insenitive respiratory pathway accounted for 100% of the oxygen uptake associated with resption, FHL activity, bht not changes in dry weight, was positively correlated with activity of the alternate pathway. As the alternate pathway activity decreased with increasin concentrations of salicylhydroxamic acid, the level of FIHL actvity correspondbigy deeased. The alternate respiratory system may provide for increases in FHL activity but not for growth. S. loti appe to have two mecais for cyanide tolerance in vitro: cyanideinsensitive respiration and FHL activity. The initial acvity of FHL for detoxification of cyanide may depend on the alternate respiratory pathway when the cytochromes of the electron tansport chain are blocked.
Hydrogen cyanide is released from cyanogenic glucosides in birdsfoot trefoil (Lotus corniculatus L.) upon infection by Stemphylium loti (16) . This fungus grows in the presence of relatively high concentrations of cyanide in vitro (3) and is more tolerant of cyanide than are other fungi (16) . Fry and Millar (3) (4) (5) reported that cyanide tolerance in S. loti is induced upon exposure to cyanide and is due to the production of the enzyme formamide hydro-lyase which converts cyanide to nontoxic formamide.
We questioned how S. loti derives energy for FHL 3 (21) (22) (23) .
If a cyanide-insensitive respiratory system provides energy for FHL synthesis, then S. loti may have at least two cyanide tolerance mechanisms which may be important during pathogenesis on a cyanogenic plant. Cyanide, released from the host, may exist in quantities sufficient to block the Cyt in fungal cells. An alternate respiratory system might provide energy for growth and for increases in FHL activity to detoxify cyanide. Consequently, the Cyt pathway could provide energy for growth and for continuing FHL activity to detoxify additional cyanide released as the fungus ramifies through host tissue.
Cyanide-insensitive respiration is generally associated with an unidentified alternate terminal oxidase (ATO) (8) which reportedly connects with the normal electron transport chain at ubiquinone (24) . This alternate respiratory pathway coexists with the normal respiratory chain in mitochondria (8) . Studies of the normal and alternate respiratory systems have shown the following: (a) antimycin, cyanide, azide, and carbon monoxide, through inhibition of certain Cyt in the normal electron transport chain, inhibit the normal respiratory system but not the alternate pathway (9, 14, 25) ; (b) salicylhydroxamic acid specifically inhibits the alternate pathway but not the normal pathway (20) ; and (c) the addition of Cyt inhibitors to a growth medium promotes the appearance of the alternate respiratory pathway in microorganisms such that 100% of the respiration is insensitive to cyanide but is sensitive to SHAM (6, 10, 12) .
Our objectives were to determine if S. loti possesses a cyanideinsensitive alternate respiratory pathway and to assess the contribution of such an alternate pathway to growth and to increases in FHL activity. A preliminary report of this work has been published (17 (Fig. 3A) . The change in dry wt of controls was significantly different from the dry wt at zero time (P = 0.05). (Fig. 3B) .
Mycelium grown in antimycin without SHAM consistently had 02 consumption rates equal to or higher than controls (Fig.  3C) . The 02 consumption rates of antimycin-treated mycelium decreased with increasing concentrations of SHAM. The presence of HCN in the medium had no significant effect on 02
consumption rates in mycelium with or without antimycin.
FHL activity decreased as SHAM concentration was increased (Fig. 3D) . SHAM did not decrease FHL activity in controls.
FHL was not induced in the absence of HCN in mycelium with or without antimycin. Regression of FHL activity versus CNinsensitive 02 consumption rates indicated that a high percentage of the variation in FHL activity could be accounted for by CN-insensitive 02 consumption (Fig. 3E) . DISCUSSION S. loti possesses a cyanide-insensitive alternate respiratory pathway. Growth in a medium amended with a Cyt inhibitor leads to 02 consumption which is fully resistant to cyanide and sensitive to SHAM. These results indicate a high level of activity of the alternate system and are similar to reports of CNinsensitive respiration in Neurospora crassa (12, 15) and in Candida albicans (11) for which antimycin and SHAM have been used similarly to illustrate that the CN insensitivity is associated with an alternate respiratory system.
Although our objective was not to determine critically whether the alternate pathway is constitutive, induced, or activated (8), it appears that S. loti may have a constitutive alternate pathway which, under normal conditions, has only a minor role in electron transport. But when the Cyt are inhibited during a period of growth, the alternate system can account for the total electron flux (1). Bahr and Bonner (1), working with higher plant mitochondria, suggest that when the two pathways exist together in the mitochondria, the rate in the main pathway is maximum at all times, that the rate in the alternate pathway is lower in the absence than in the presence of cyanide, and that consequently only part of the alternate pathway is used in the absence of inhibition of the main respiratory chain. The nature of the regulation of electron flow through the alternate pathway is not known (8) . The question of activation, modulation, and induction of the alternate system remains controversial (7, 8) .
Henry et al. (7) have suggested that an increase of alternate respiratory activity involves new protein synthesis. We have not shown whether the increased activity of the alternate system when S. loti is grown in the presence of antimycin is due to increased activity of a constitutive pathway or whether the elements of the pathway are synthesized.
Our approach was to assess the effect of increasing SHAM concentrations on growth and FHL activity when the main respiratory system was inhibited by antimycin. Antimycin treatment led to 02 consumption which was totally insensitive to cyanide but sensitive to SHAM.
Growth was not positively correlated with activity of the alternate system. If there were small differences in growth, the technique used was not sensitive enough to detect them. These results are compatible with those of Slayman et al. (21) who report a sharp drop in cellular ATP and cessation of growth of N. crassa in antimycin-amended medium. They suggest that when the Cyt system is blocked, ATP levels cannot be maintained to support growth. Although antimycin may have deleter- FHL apparently can be synthesized via the normal system, which was indicated by the level of FHL activity obtained in controls when the alternate pathway was blocked and only the normal respiratory system was operating. That SHAM was not directly inhibitory to FHL production was shown in the lack of inhibition of FHL activity with increasing SHAM in controls. Higher levels of FHL activity in antimycin-treated than in control mycelium were due partially to the calculation of activity on a dry wt basis. Lower weights in antimycin treatments caused the specific activity values to be higher even though the actual amount of formamide might have been comparable or less per flask than in controls.
If the alternate pathway is necessary for FHL activity in Cytblocked mycelium, then S. loti would appear to have a sequence of cyanide tolerance mechanisms in vitro: a cyanide-resistant respiratory system that serves to provide energy for increases in activity of a cyanide-detoxifying enzyme. If these mehanisms function in vivo, we suggest that the following sequence of events could occur during pathogenesis of S. Ioti on birdsfoot trefoil. Cyanide, released from the host, could block the Cyt pathway in pathogen cells. Subsequently, the alternate respiratory pathway could be induced or activated. Growth would not occur but the organism could produce FHL to detoxify the cyanide. Then the Cyt pathway would function to provide for growth and for increases in activity of FHL to detoxify any cyanide subsequently released as the fungus invaded more host cells. It remains to be determined whether either or both of these tolerance mechanisms are required for S. loti to be a pathogen of a cyanogenic plant.
